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It i s  a great p r i v i l e g e  f o r  m e  t o  speak here  a t  these  

Commencement exe rc i se s  of your urban col lege.  Having 

graduated from a n  urban u n i v e r s i t y  myself, t h e  City College 

of New York, I fully apprec ia t e  the  problems t h e  urban 

s tudent  f a c e s  i n  g e t t i n g  t o  know classmates wel l ,  i n  

t r a v e l i n g  between home and campus, i n  the  time spent i n  such 

t r ave l ing ,  i n  the long l i b r a r y  hours t o  avoid e x t r a  home-to- 

school t r i p s ,  i n  the problems of s e t t i n g  a reasonable pr6gram 

schedule because of the off-campus l i v i n g  -- genera l ly ,  the  

problems of us ing  every a v a i l a b l e  minute. 
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I apprec ia t e ,  a l s o ,  the b e n e f i t s  that a r e  der ived from the 

d ive r se  r e c r e a t i o n a l ,  c u l t u r a l ,  economic, and s o c i a l  a c t i v i t i e s  

a v a i l a b l e  i n  an urban area, The b e n e f i t s  a r e  summed up b e t t e r  

i n  the quota t ion  contained i n  your College Catalogue by 

Dr. Harold C .  Case, the Pres ident  of Boston Universi ty ,  that 

begins with,  "The c i t y  i s  the  b e s t  s e t t i n g  f o r  today 's  

s tuden t . .  . I' I a m  sure  you have a l l  read i t ;  but, i f  you 

haven ' t ,  i t  i s  a v a i l a b l e  t o  you. 

A l l  of t hese  th ings  are  about the .same as they were when 

I. received my Bachelor 's  degree almost two decades ago. 

However, you are  leaving your undergraduate t r a i n i n g  a t  a time 

and i n  an atmosphere very d i f f e r e n t  from t h e  one that existed 

i n  1944. We now l i v e  i n  an  age of science and of rapid change. 

The dramatic changes that have occurred i n  t h e  last two 

decades a r e  obvious when I t h i n k  back t o  my f i rs t  work f o r  t h e  

National Advisory Committee f o r  Aeronautics, which was the 

predecessor of the National Aeronautics and Space Administration. 

At that  t i m e ,  I w a s  doing appl ied research on rec iproca t ing  

engine superchargers.  We were a t  war and among the superchar- 

g e r s  we studied were var ious German and Japanese designs.  We 

were s t i l l  t r y i n g  t o  develop s c i e n t i f i c  design techniques f o r  

supercharger a i r  compressors. 

work, we started doing research  on somewhat d i f f e r e n t  a i r  

compressors t o  be used i n  gas tu rb ine  engines.  

engine research  i n  t h i s  country, started i n  those e a r l y  

F o r t i e s ,  has now found app l i ca t ion  i n  our  long-range,comercial ,  

high-speed j e t  a r c r a f t .  

About a y e a r  a f t e r  I began t h i s  

The t u r b o j e t  

Compared t o  the 3,000 o r  4,000 pound 



3 
thrust tu rbo je t  engines with which I worked i n  1945, the  p.resent 

Je t  engine i n  the  720 J e t ,  that I took from Washington, D. C . ,  

wi th  i t s  thrust  of 17,000 pounds is ,  of course, a remarkable 

achievement i n  an astoundingly shor t  time. 

From the  nuclear  weapons research of the  e a r l y  F o r t i e s  

and the  first chain react ion,  the  app l i ca t ions  of nuclear  energy 

i n  medicine, ag r i cu l tu re ,  ship propulsion and, of course, 

c i v i l i a n  e l e c t r i c  power generat ion a r e  astounding developments, 

a l s o  accomplished i n  a remarkably shor t  time. 

I n  this s c i e n t i f i c  age of change, the  un ive r s i ty  becomes 

the  l o g i c a l  f o c a l  point  f o r  t r a n s l a t i o n  of new and advanced 

developments i n  a l l  of t he  sciences i n t o  productive output f o r  

the community around the  un ive r s i ty .  I n  a metropol i tan a rea  

such as Portland, the  needs of l o c a l  business  and indus t ry  w i l l  

p a r t i c u l a r l y  

s i t y  t o  quickly t ransmit ,  f o r  ready appl ica t ion ,  the  r e s u l t s  of 

research,  techno'logy developments, and advanced s tudy.  But t o  

provide t h i s  l i nk ing  of s c i e n t i f i c  and technological  develop- 

ments t o  the general  good, t he  un ive r s i ty  must be aware, through 

p a r t i c i p a t i o n  i n  research e f f o r t s ,  of the  rap id ly  changing s t a t e  

of knowledge and must continuously a d j u s t  i t s  programs and 

f a c i l i t i e s  t o  the  change. T h i s  new age pu t s  upon the  un ive r s i ty  

the  r e s p o n s i b i l i t y  t o  recognize that t r a i n i n g ,  advanced or 

graduate  education, curriculum review and adjustment, evening 

a d u l t  sessions,  t eacher  t r a i n i n g  and advanced study, research 

i n  a l l  a reas ,  are never-ending tasks involving ever  broadening 

areas of science and understanding. 

b e n e f i t  from the  c a t a l y t i c  e f f e c t  of the  univer-  
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I n  a d d i t i o n  t o  the increased  inf luence  of the co l lege  on 

the community and the increased  r e s p o n s i b i l i t y  of the co l lege  

t o  the community, this- new age i n  which w e  l i v e  puts on each 

of you who graduate the r e s p o n s i b i l i t y  toxecognize that Com- 

mencement means only the beginning of study, learn ing  and 

t r a i n i n g ,  as well  as a beginning of major opportunity f o r  con- 

t r i b u t i o n  t o  your community and country. The rapid changes 

that  have taken p lace  s ince  I received my f i r s t  degree and the 

r ap id  changes that have taken p lace  i n  the past few years  

f o r e c a s t  an  even acce le ra t ed  r a t e  of change i n  t h e  years t o  

come. 

Dr. Glenn Seaborg, Chairman of the Atomic Energy Commission 

and Nobel P r i ze  winner, talked r ecen t ly  of ,  ... a tomorrow which 

i n  appearance w i l l  be v a s t l y  d i f f e r e n t  from today. 

tomorrow i t  i s  no t  the s t rong  who w i l l  survive but t h e  s t rong 

and the educated. " H e  pred ic ted ,  'I.. . that man's knowledge of 

na tu re  and himself w i l l  more than double i n  the next  three 

decades; that  i s ,  the s c i e n t i f i c  d i scover ies  and advances of 

the next 30 years w i l l  be more than equal  t o  a l l  those of past 

years  and cen tu r i e s .  

I I  

I n  that 

I t  

T h i s  rapidly changing s o c i e t y  w i l l  force you t o  keep 

learn ing  and studying t o  keep i n t a c t  the foundations that have 

been l a i d  here .  I th ink  i t  has been well-phrased by a medical 

f r i e n d  of mine who t o l d  t h e  1962 Graduating Class of the George 

Washington Un ive r s i ty ' s  School of Medicine that even a f te r  a l l  

t h e i r  many yea r s  of t r a i n i n g  and study, they were not  f i n i shed .  

H e  said, "Our main ob jec t ive  i s  t o  give you e f f e c t i v e  t o o l s  t o  

accommodate yourselves  t o  the only th ing  that i s  c e r t a i n  - change. 
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"The t r a i n i n g  i n  your past f o u r  years  of medical school 

can be l ikened t o  a bridge which w e  have bu i l t  toge ther  so 

that you can c ross  a high and wide chasin t o  permit, but  no t  

necessa r i ly  assure, your continued forward progress.  This 

ceremony marks the completion and the crossing of the  br idge,  

but you cannot pause t o  view the vas tness  of the beckoning 

horizon nor  contemplate the scene below or behind, because 

the bridge w i l l  inexorably d isso lve ,  m e l t  i n t o  the limbo tha t  

has engulfed the a rcha ic  d i c t a  and t h e  so-cal led t ru ths  of 

yesterday.  By continuing self-educat ion,  you must bui ld  and 

rebuild new bridges, incorpora t ing  parts of the o ld ,  t o  span 

new chasms t o  in su re  your advancement. II 

The excitement, drama, accomplishment, rap id  progress ,  

and rapid change t y p i c a l  of our  times are e f f e c t i v e l y  and, 

I think,  best  represented by the achievements of our space 

program. 

accomplishment are obvious, -- i t  i s  presented openly and i s  

known t o  a l l .  It i s  a l s o  an area i n  which we a r e  working 

hard t o  establish our pre-eminence because w e  recognize t ha t  

our  s t r eng th  i n  the world w i l l  be enhanced by c l e a r  s u p e r i o r i t y  

i n  this  area of broad s c i e n t i f i c  and technological  e f f o r t .  

Furthermore, the stimulus provided by the space program should 

result  i n  increased a c t i v i t y  and accomplishment i n  many o the r  

areas In education, business ,  science,  engineering, and i n  

o t h e r  f i e lds  of research.  The excitement genzrL.t:fl i n  one 

area gene ra l ly  s p i l l s  over i n t o  o t h e r  a r e a s  and i-;s-Jlt-; i n  a 

genera l  forward movement that provides b e n e f i t s  t o  all mankind. 

It i s  an area i n  which engineering and s c i e n t i f i c  
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It has, I th ink ,  been put w e l l  by Dr. Lloyd V. Berkner, President  

of the Graduate Research Center of the Southwest. I n  an  a r t i c l e  

on t h e  knowledge t o  be gained from the space program, he writes, 

''Human s o c i e t y  - man i n  a group - rises out  of i t s  lethargy t o  

new l e v e l s  of p roduc t iv i ty  only under the s t imulus of deeply 

i n s p i r i n g  and commonly apprec ia ted  goa ls .  A l e t h a r g i c  world 

serves  no cause w e l l ;  a s p i r i t e d  world, working d i l i g e n t l y  toward 

e a r n e s t l y  des i red  goals ,  provides t h e  means and s t r e n g t h  toward 

which many ends can be sa t i s f ied ,  I f  t he  challenges growing out 

of man ' s  v i s ion  of space achievement inc rease  h i s  p roduc t iv i ty  

by a hundredth, then t h e  whole b i l l  f o r  space explora t ion  i s  paid; 

any a d d i t i o n a l  e f f o r t  becomes a margin f o r  advancement toward 

o t h e r  goals".  

The f a c t  that our  space accomplishments started only i n  

1958, wi th  the launching o f  our f i rs t  s a t e l l i t e ,  i s  dramatic 

i nd ica t ion  of t h e  rapid growth of c a p a b i l i t y  i n  t h i s  a rea .  I n  

our space sc iences  program, we are providing knowledge about 

the na ture  of the universe ,  our Earth, about the r e l a t i o n s h i p  

beticeen t h e  Earth and Sun, about the o t h e r  p l a n e t s  around us, 

about t h e  Moon as an  i n d i c a t o r  of where i t  a l l  started, and 

about the c h a r a c t e r i s t i c s  of the atmosphere and the space beyond. 

A s  part of t h i s  search  f o r  knowledge, w e  may a l s o  discover  l i f e  

of some s o r t  on one of the o t h e r  p l ane t s .  

Why i s  i t  important t o  have t h i s  knowledge? The na tu re  of 

man demands that he understand, that lie be able t o  explain the 

phys ica l  phenomena around him. T h i s  i s  f o r t u n a t e  because t h i s  

need f o r  understanding has l e d  t o  the bas i c  s c i e n t i f i c  data upon 
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which our technology and our  advanced s tandard of l i v i n g  a r e  

based. When we consider  that w e  sit on one of nine p lane ts ,  

and a small one a t  that; that we c i r c l e  the  sun which i s  one 

of a b i l l i o n ,  t r i l l i o n  stars w i t h i n  t he  range of our l a rge  

te lescopes;  when w e  consider  that  the  Earth i s  a few b i l l i o n  

years  old, we begin t o  comprehend how l i t t l e  we r e a l l y  know 

about how we go t  here  and w h a t  i s  r e a l l y  around u s ,  

successful  space science s a t e l l i t e s ,  such as the  Orbi t ing 

So la r  Observatory and t h e  Explorer s e r i e s ;  our space probes 

and planetary shots ,  such as the  180,000,000 mile  t r i p  of 

Mariner I1 past Venus; and, our sounding rockets ,  have been 

providing us  with the  kind of information required t o  under- 

s tand our universe  and our p lane t .  

Our very 

I n  our  app l i ca t ions  program, we have been developing the  

capab i l i t y  t o  use s a t e l l i t e s  f o r  u se fu l  app l i ca t ions  that can 

serve mankind by a l ready  known means, such as providing i n t e r -  

cont inenta l  communications and providing the  means f o r  long- 

range and accurate  weather pred ic t ions .  

a l l  seen the  Echo s a t e l l i t e  which was used t o  bounce s i g n a l s  

around the Earth between d i s t a n t  po in t s ,  

demonstrated the communications capab i l i t y  of s a t e l l i t e s  such 

as T e l s t a r  and Relay and have seen the  exce l len t  TV p i c tu re s  

that a r e  poss ib le .  These systems w i l l  lead t o  operat ional  

communications systems that w i l l  permit te legraph,  telephone, 

and t e l e v i s i o n  t ransmission t o  a l l  parts of the earth. I n  

addi t ion ,  the s i x  successful  Ti ros  sa te l l i t es  have demonstrated 

the  advantages that r e s u l t  from the  use of s a t e l l i t e s  t o  

I a m  sure  you have 

We have already 
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photograph t h e  Earth's cloud cover and t o  ob%ain o the r  data i n  

order  t o  improve our  means of weather observat ion and predic-  

t i o n .  Before the T i ros  weather observat ions,  l e s s  than 20 pe r  

cent  of the  Earth 's  atmosphere was adequately observed. An 

opera t iona l  weather s a t e l l i t e  system could observe the  whole 

world. So far, our  T i ros  satel l i tes  have transmitted over 

200,000 cloud cover p i c t u r e s  used i n  normal weather pred ic t ions .  

T i r o s  I V  took p i c t u r e s  of t r o p i c a l  storms on more than 50 

separa te  occasions.  It discovered Hurricane Esther on Septem- 

b e r  10, 1961, while t he  hurr icane was s t i l l  forming. The 

r e s u l t  was a d d i t i o n a l  warning time t o  the  c o a s t a l  areas h i t  

by the  s t o m .  

The most dramatic, most exc i t ing ,  b e s t  known, and l a r g e s t  

part of our space program i s  the  manned space f l i g h t  program. 

Gordon Cooper's 22-orbi t  f l i g h t ,  combined with the f l i g h t s  of 

f i v e  o the r  Astronauts,  i s  demonstration of the  remarkable 

progress  made i n  a shor t  time and the thoroughness of the  

development and preparat ions made. 

importance of man i n  making s c i e n t i f i c  observat ions and 

judgments i n  new environmental condi t ions.  X f  you th ink  back, 

you w i l l  r e a l i z e  that our f i r s t  manned f l i g h t  was the  b a l l i s t i c  

f l i g h t  of Alan Shepard i n  May 1961. 

over two years  ago. You were already well  along i n  your col lege 

programs. I n  these  two shor t  years ,  our technology has advanced 

t o  permit man t o  f l o a t  i n  space f o r  well over a day and cont ro l  

h i s  r e t u r n  accura te ly .  

It a l s o  demonstrates t he  

T h a t  was only a l i t t l e  
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these  accomplishments that I have l i s ted  have been 

per iod of l e s s  than f i v e  years  s ince  NASA was 

es tab l i shed .  Some of you may a l ready  have been here  a t  

Port land S t a t e  College a t  that time. I f  so, t he  race t o  keep 

up with the  progress  of science and technology i s  most apparent 

t o  you. But t he  pace w i l l  not  l e t  up, it w i l l  undoubtedly grow. 

Within s i x  years ,  we hope t o  land men on the  moon, The th ree  

Astronauts w i l l  be propel led on the i r  course f o r  the  moon using 

a 7.5 mi l l i on  pound t h r u s t  rocket ,  the Saturn V, now being 

developed. Two of t he  Astronauts w i l l  descend t o  the  surface 

of t he  moon and conduct i n i t i a l  explorat ion while the  t h i r d  

Astronaut w i l l  w a i t  i n  the  r e tu rn  spacecraft that w i l l  be 

o r b i t i n g  the  moon. When t h e i r  explorat ion i s  completed, the  

two luna r  explorers  w i l l  r e tu rn  t o  the o r b i t i n g  spacecraf t  s o  

that a l l  th ree  can then make the  r e tu rn  t r i p  t o  the  Earth. 

The mission i s  exc i t ing ,  challenging, demanding and w i l l  

undoubtedly capture  the  imagination of the e n t i r e  world j u s t  

as Pro jec t  Mercury has done. Certainly the  enthusiasm and 

excitement of t he  crowds that have greeted Gordon Cooper 

demonstrate the  acceptance of the  goals  that have been s e t  f o r  

manned space f l i g h t .  It 'is, I think,  a l s o  ind ica t ive  of the  

f a c t  that the  space e f f o r t  does provide the  kind of st imulus 

that i s  needed t o  provide the  " s p i r i t e d  world" r e fe r r ed  t o  

by D r .  B e r b e r  which w i l l  y i e l d  increased product iv i ty  and 

advancement i n  many var ied  f i e l d s  of a c t i v i t y .  

Even beyond these  a l ready  approved program objec t ives  

and missions,  the  space e f f o r t  includes research work aimed 
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a t  assur ing  our a b i l i t y  t o  undertake the more advanced missions 

that w i l l  i nev i t ab ly  come. It i s  i n  these  more advanced 

missions that my own work w i l l  be r e l i e d  upon and w i l l ,  I am 

convinced, r e s u l t  i n  general  and accepted use of nuclear  energy 

for rocket  propulsion and f o r  generat ion of e l e c t r i c  power i n  

space. We a r e  a l ready  t e s t i n g  nuc lear  rocket  r eac to r s  which 

w i l l  be used t o  hea t  hydrogen t o  high temperatures providing 

the  high ve loc i ty  gas that w i l l  propel  our space vehicles  of 

the f u t u r e  t o  missions even beyond the  moon t o  the  p lane ts .  

I n  addi t ion ,  t he  use of nuclear  energy sources w i l l  be 

required f o r  t h e  many, long l i f e ,  high power app l i ca t ions  that 

we v i s u a l i z e  i n  space t o  provide the  kind of environment i n  

which man can survive and funct ion,  t o  c o l l e c t  important space 

data and t ransmit  i t  t o  ea r th ,  t o  power the  many experiments 

that may be performed i n  space l abora to r i e s ,  and even t o  

a c c e l e r a t e  charged gases  t o  high v e l o c i t i e s  producing. thrust  

that w i l l  propel  our space vehic les .  The f a c t  that i n  the 

twenty years  s ince  man f i r s t  i n i t i a t e d  a se l f - sus t a in ing  

nuclear  chain reac t ion ,  we have a l ready  come t o  such a c t i v e  

and productive e f f o r t  on high temperature, small s i z e  reac tors ,  

such as those required f o r  rocket  propulsion and space e l e c t r i c  

power, is again a demonstration of the  phenomenal r a t e  of 

progress  made i n  the sciences.  

With a l l  the  success  and progress  and knowledge that has 

been achieved i n  the  space program and the  promise of much 

more t o  be learned about space i n  the  fu tu re ,  t he  f u l l  bene f i t s  

of the program would not  be r e a l i z e d  unless  the  new develop- 

ments made f o r  space use would f i n d  e a r l y  app l i ca t ion  i n  o the r  
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fields. It is necessary for the developments in space to be 

applied as fully and as quickly as possible to areas of 

civilian technology to help provide for the accelerated 

economic growth that is required in this country. Isn't this 

where this part of the country still has a job to do? The 

importance of this job is clearly indicated by the Economic 

Report of the President transmitted to the Congress in January 

which placed great emphasis on several determinants of economic 

growth with which all of us here must be concerned. Among 

these are the need f o r  advancing the level of our technology, 

covering the range from management and organization to science 

and engineering; accelerating the dissemination and application 

of information in technological, commercial and employment 

opportunities; and, improving the quality, availability, and 

capacity of our educational programs. All of these factors 

are considered as a unit when we try to assure that the 

technology and knowledge developed by the Government in the 

space and atomic energy programs are rapidly applied in our 

civilian economy. We are convinced that such applications 

will provide real benefits to all mankind. 

Studies conducted for NASA have shown that space related 

developments can find substantial applicability in non-space 

business. The most numerous examples of such transfer of 

technology are accomplished by the firms that have been respon- 

sible for the execution of the space related effort. Some 

examples are the use of the aluminized mylar skin of the Echo 

satellite as a low temperature insulator; the development of 
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methods of casting polysulfide printing rollers based on the 

technology of casting large, solid propellant rocket motors; 

the use of filament wound, reinforced plastic tanks; and, 

printed cables for electrical circuits to simplify and reduce 

the cost of automotive wiring harnesses. These examples 

indicate the advantages available to firms that participate in 

space business because of their ability to directly translate 

the space technology to civilian consumer applications. 

The opportunities f o r  such direct space participation are 

many, particularly when we consider the thousands of subcon- 

tractors and suppliers of parts involved in the space program, 

However, participation requires the existence of competence. 

We cannot afford to pay f o r  the establishment of competence on 

a government contract requiring the successful and urgent 

development of a complex piece of equipment. The importance 

of strong educational centera in establishing and maintaining 

competence in a region is, I believe, apparent. It was clearly 

stated by the President in his Message to Congress on Aid to 

Education. He said, "We need many more graduate centers, and 

they should be better distributed geographically. New indust- 

ries increasingly gravitate to, or are innovated by, strong 

centers of learning and research. The distress area of the 

future may well be one which lacks centers of graduate educa- 

tion and research. " Only areas of outstanding, advanced 

educational institutions can attract the scientific and tech- 

nological cornpetence that is required t o  accomplish the 

advanced scientific and technological developments that are 

required in most of our Government space contracts. 
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Even if a company i s  not  part  of the space e f f o r t ,  i t  i s  

e s s e n t i a l  that means be found t o  a s s u r e  that the  developments 

of the Government programs are a v a i l a b l e  t o  increase  produc- 

t i v i t y  and e f f i c i ency .  

Economic Advisors and the s t u d i e s  that have been conducted by 

and f o r  NASA i n d i c a t e  that  very few i n d u s t r i a l  organizat ions 

can take a raw idea from a non-related t echn ica l  source and 

put  i t  t o  work i n  t h e i r  business .  

firms are n o t  f u l l y  aware of the technologica l  oppor tuni t ies  

a v a i l a b l e  t o  them. An intermediary that has broad s c i e n t i r i c  

background and understands the needs of i ndus t ry  and business  

i s  required t o  a c c e l e r a t e  the t r a n s f e r  ol" Governnient-sponsorcd 

developments and techniques t o  c i v i l i a n  consumer a c t i v i t i e s .  

It i s  i n  t h i s  capac i ty  that our  u n i v e r s i t i e s  can p lay  a major 

r o l e  and have a real r e s p o n s i b i l i t y  t o  s a t i s f y  l o c a l  needs. 

To s a t i s f y  t h i s  r e s p o n s i b i l i t y ,  you must have properly trainccl 

people a v a i l a b l e .  They must be involved i n  research  i n  various 

d i s c i p l i n e s .  

the  a v a i l a b i l i t y  of proper ly  t r a i n e d  people t o  do the  u n i v e r s i t y  

research  and t o  satisfy the needs of business  and indus t ry  i n  

the area. The number of you who are majors i n  education have 

a p a r t i c u l a r l y  s i g n i f i c a n t  r o l e  i n  keeping pace with the  

changing times i n  which we l i v e  because i t  i s  up t o  you t o  

in su re  t h e  flow of t a l e n t  and ca,uabi l i ty  i n t o  every f i e l d  of 

a c t i v i t y .  No matter w h a t  your f i e l d  of s p e c i a l i z a t i o n ,  the 

need f o r  continued learn ing  i n  t h i s  s c i e n t i f i c  age w i l l  always 

e x i s t .  

The la tes t  Report of t h e  Council of 

Furthermore, many businzss 

You must present  challenging programs t o  i n su re  
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For a l l  of you, i t  i s  important t o  recognize the s i g n i f i -  

cance of t he  words of your own Pres ident ,  Branford P. Millar, 

"Higher education i s  of c e n t r a l  importance t o  modern ex is tence  

as it has never been before.  

based i n d u s t r i e s ,  f o r  ins tance ,  t h e r e  has been a ' r e v o l u t i o n  

both i n  products and t h e  manner of handling them which has 

stemiied largely from the d i s i n t e r e s t e d  s c i e n t i f i c  researches 

of the u n i v e r s i t i e s  and i s  c a r r i e d  on by the people t r a i n e d  by 

the u n i v e r s i t i e s .  There i s  no ques t ion  but that  such progress  

w i l l  continue,  that  w e  have jus t  seen the beginning. Less and 

l e s s  w i l l  s i g n i f i c a n t  progress  and change be wrought by the 

slow accumulation of p r a c t i c a l  experience and skill, or pa ten t  

t r l a l  and e r r o r ,  bu t  more and more by the a p p l i c a t i o n  of h ighly  

a b s t r a c t  prLncip les  w i t h  immediate and far-reaching e f f e c t s  

upon p r a c t i c a l  problems. " 

I n  s c i e n t i f i c  and technologica l ly  


